Abstract The MDR1 gene encodes for P-glycoprotein (P-gp), which is an efflux transporter at the cell membrane. The P-gp has wide substrate specificity for multiple medications including the lipid lowering drug, atorvastatin. In this study, we investigated the possible association between three common MDR1 gene polymorphisms (G2677T, C3435T, and C1236T), and the lipid lowering effect of atorvastatin among Jordanians. Lipid and lipoproteins were measured in blood samples collected from patients (n = 201) at baseline and during atorvastatin treatment. MDR1 polymorphisms were genotyped using polymerase chain reaction-restriction fragment length polymorphism. Both the TT genotype of G2677T and the TT genotype of the C3435T polymorphisms were associated with lower levels of low-density lipoproteins after atorvastatin treatment. However, the effects of atorvastatin on the levels of total cholesterol, triglycerides, and high-density lipoprotein, were not correlated with any of the genotypes in both polymorphisms. Finally, the C1236T polymorphism was not associated with the lipid lowering effect of atorvastatin. In conclusion, the MDR1 gene polymorphisms G2677T, and C3435T, but not C1236T were associated with the lipid lowering effect of atorvastatin among Jordanians.
Introduction
Genetics account for significant percentage of variations in drug disposition and metabolizing enzymes that play major determinants of drug level and distribution in the body (Goldstein 2005) . The MultiDrug Resistance (MDR1) gene encodes for P-glycoprotein (P-gp) or MDR1 protein, which functions as ATP-dependent efflux pump (Rosenberg et al. 1997) . The MDR1, which spans 28 exons and maps to chromosome 7 (Bodor et al. 2005) , is also highly expressed in brain, liver, kidney, lymphocytes, placenta, and gut (Woodahl and Ho 2004) . P-gp plays an important role in regulating absorption, distribution, and elimination of drugs. P-gp has been found to mediate the energy dependent efflux of xenobiotics in epithelial tissues of the human body including the intestinal mucosa, liver, testicular membrane, and kidney proximal tubules, as well as blood-tissue-barriers such as the brain and placenta (Cigana et al. 2007; Haslam et al. 2008) . P-gp, therefore, could decrease intestinal absorption, increase biliary excretion or renal tubular secretion, and impair drug distribution to the brain for several drugs (DeGorter et al. 2012 for review) .
Among the substrates of P-gp is atorvastatin, which belongs to the drug family of statins and is used for treatment of hyperlipidemia (Foger 2011) . Atorvastatin mediates its effect via inhibiting 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase enzyme. The drug reduces levels of total cholesterol, lowdensity lipoprotein (LDL)-cholesterol, and triglyceride, and increases high-density lipoprotein (HDL)-cholesterol in patients with a wide variety of dyslipidemia (Lennernas 2003) . Previous studies have reported changes in atorvastatin treatment outcomes in association with MDR-1 polymorphisms (Kajinami et al. 2004; Munshi 2012) . For example, in a study from USA, common variants of MDR1 gene such as the C3435T, were associated with a smaller reduction in LDL and with a larger increase in HDL levels, relative to variant allele carriers (Kajinami et al. 2004) . However, other studies among Brazilian of European descents and USA populations, found no significant relation between atorvastatin response and MDR1 C3435T polymorphism (Mega et al. 2009; Rodrigues et al. 2005 ). In the current study, we examined the influence of three common MDR1 gene variants on lipid response to atorvastatin treatment among Jordanians. These variants include: the G to T/A transition (G2677T/A: rs2032582) at codon 893 (A893S/T) in exon 21, the C to T transition (C3435T: rs1045642) at codon 1145 (I1145I) in exon 26, and the C to T transition (C1236T: rs1128503) at codon 412 (G412G) in exon 12.
Materials and Methods
This is a prospective cohort study that was conducted at King Abdullah University Hospital (KAUH) in the period between November 2010 and October 2011. Institutional Review Board approval was obtained from KAUH and Jordan University of Science and Technology (JUST). Patients (age C 18) who attended the cardiology or endocrine clinics of KAUH were included in the study. Subjects were patients who were diagnosed with hypercholesterolemia at their clinic visit, and started atorvastatin treatment (10 mg/day) under physician care. Exclusion criteria were: presence of liver disease, elevation of transaminase or creatine kinase levels [1.5 times the upper normal limit at baseline, presence of atrioventricular block and/or sinus bradycardia, presence of acute or chronic renal failure, evidence of electrolyte disturbances, cases of acute cerebrovascular disease or myocardial infarction within the preceding 3 months, evidence of alcohol abuse, patients with hypothyroidism, evidence of myopathy, pregnancy, and patients who had any medication changes during the 2 months prior to study participation.
The study procedure and goals were explained to patients both verbally and through consent form. Patients, who agreed to participate, were interviewed by a trained researcher using a structured questionnaire that was designed to obtain patients' demographic data. Other related data regarding patient's baseline and clinical characteristics were obtained from the medical files. These characteristics included height, weight, smoking status, presence of other diseases, and use of medications.
Blood sampling and handling
Overnight-fasting blood samples were withdrawn from eligible participants by a specialized laboratory technician. Samples were collected in evacuated EDTA tubes (5 mL) and anticoagulant-free plain tubes (10 mL). Serum was prepared by centrifuging blood at 4,0009g for 4 min in plain tubes. All serum samples were stored at -80°C until analysis of biochemical parameters.
Biochemical assays
The levels of total cholesterol (Tchol), low-densitylipoprotein cholesterol (LDL), high-density-lipoprotein cholesterol (HDL) and triglycerides (TG) were measured in serum at the laboratories of King Abdullah University Hospital using Roche automated clinical analyzer system and reagents (Roche Diagnostics, Mannheim, Germany). The assays sensitivity ranges were 0.08-20.7 mmol/L for Tchol and HDL, and 0.05-11.3 mmol/L for TG. For all assays, the precision was more than 98 %, and the predictive value for all assays was 98 % (Gelskey et al. 1994) . Measurements were carried out at baseline before starting treatment and after 24 weeks of atorvastatin treatment (Munshi 2012 ).
Molecular analysis
DNA was extracted from all samples using genomic DNA purification kit from whole blood (Promega, Madison, WI, USA), according to the manufacturer instructions. After measurement of DNA concentrations, samples were stored at -20°C until analysis. The polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay was used to genotype C1236T, G2677T/A and C3435T MDR1 single nucleotide polymorphisms (SNPs). For each SNP: 20 lL PCR reaction mixture containing 5 ng of template DNA, 1 lM of each forward and reverse primers and ready to use commercially available master mix (Promega, USA) were used. PCR restrictions conditions and sizes of the restricted fragments for all SNPs are shown in Table 1 (slightly modified from Kato et al. 2008) . PCR and restricted fragments were visualized using 3 % agarose gel for C1236T and C3435T SNPs, and 8 % polyacrylamide gel for G2677T/A SNP, and ethidium bromide under UV light. All gels were scanned and documented using gel documentation system. Negative controls were included in each PCR run.
Statistical analysis
Data were analyzed using SPSS package version 17 (SPSS Inc, Chicago, IL, USA) for windows. Data were expressed in various tables; continuous variables are expressed as mean ± standard deviation. Discrete variables were expressed as counts and frequencies, and were compared using Chi square test. A Normality test was used to check data distribution. Normally distributed variables were analyzed using one-way ANOVA followed by Tukey's post-test for pair wise comparisons of genotypes. Three-locus haplotype frequencies were calculated using the SHEsis program (Shi and He 2005). Power analysis was carried out using G. Power version 3.0.10 (Franz Faul, Universität Kiel, Kiel, Germany). Sample size analysis was performed at 80 % power and 5 % alpha level of significance. Genotype distributions were analyzed for Hardy-Weinberg equilibrium, and a P value \0.05 was considered significant.
Results
In the studied samples (n = 201), the average age was 58.0 ± 8.5 years, and 57.7 % of subjects were males. The average BMI was 29.9 ± 5.0, and 23.1 % were smokers. In addition to hypercholesterolemia, 38 % of the patients were diabetic and 64 % were diagnosed with hypertension. There were no patients with other major cardiac or metabolic diseases. About 33.4 % of the patients used insulin and/or oral hypoglycemic agents, whereas 58.2 % used antihypertensive medications. Table 2 shows the lipid, and lipoprotein lowering effect of atorvastatin in patients. Twenty four weeks of treatment with atorvastatin was associated with more Table 3 shows the G2677T/A SNP in MDR1 gene and its association with lipid and lipoprotein levels at baseline and after atorvastatin treatment. Strong association was found between G2677T SNP and the level of LDL after atorvastatin treatment (P \ 0.01). Patients with the TT genotype had higher levels of LDL after atorvastatin treatment than those with GG genotypes. However, no significant association was found between G2677T/A SNP and levels of Tchol, TG, and HDL (P [ 0.05, Table 3 ).
For the MDR1 C3435T SNP, the TT genotype was significantly associated with lower levels of LDL after atorvastatin treatment relative to the CT and the CC genotypes (Table 4 , P \ 0.05). Other lipid and lipoprotein parameters such as Tchol, TG, and HDL were not associated with this SNP (P [ 0.05, Table 4 ). No significant association was found between this MDR1 C1236T SNP and lipid or lipoproteins levels measured at baseline or after atorvastatin treatment (Table 5 ,
When average values of each of Tchol, TG, HDL and LDL were calculated at baseline, after treatment, and percentage change was derived, only the MDR1 C3435T SNP showed a significant effect. Levels of LDL after Numbers of subjects in the different genotypes are: GG = 83, GT = 81, TT = 25, and GA = 9. Degrees of freedom are 6 for TChol and LDL analysis, and 3 for TG and HDL analysis treatment were significantly lower, whereas the percentage of reduction in LDL was significantly more in the TT compared to the CC genotype (After treatment the LDL values were: TT = 2.09 ± 0.78 mmol/L, CT = 2.81 ± 0.96 mmol/L, and CC = 2.49 ± 0.62 mmol/L, P = 0.006; percentage of LDL reduction: TT = 25.82 ± 3.7 %, CT = 24.38 ± 2.7 %, and CC = 10.05 ± 4.9 %, P = 0.03). Finally, all genotypes of the examined SNPs were in Hardy-Weinberg equilibrium. Three-locus haplotype (C1236T, G2677T, and C3435T) analysis showed that frequencies of CTT and TGC haplotypes were significantly associated with high level of HDL at baseline and after treatment (P \ 0.01). In addition, the CTT and CGT haplotypes were associated with higher levels of TG at baseline (P \ 0.01). Furthermore, CTC haplotype was associated with high LDL after treatment (P \ 0.05). None of the remaining haplotypes were significantly associated with any of the examined lipid parameters before or after treatment (P [ 0.05).
Discussion
In this study, we found that the lipid lowering effect of atorvastatin is modulated by MDR1 G2677T and C3435T SNPs. The TT genotype at G2677T/A and C3435T SNPs were associated with lower LDL levels after treatment.
The MDR1 gene expression is highly variable between subjects of the same or different races, and many variants have been identified in this gene (Hattori et al. 2007; Allabi et al. 2005; Wang and Sadee 2006; Hoffmeyer et al. 2000) . Among Caucasians, those with the TT genotype at the C3435T polymorphism in exon 26 show more than two-fold lower duodenal P-gp protein expression levels compared to the CC ones. Since concentrations of P-gp determine the extent of drug absorption, significant impact of this SNP on bioavailability of drugs is well documented (Maeda and Sugiyama 2008; Kuypers et al. 2008; Zhou et al. 2008; Hoffmeyer et al. 2000) . The CC genotype of C3435T is more common in West Africans, African Americans, Japanese and Chinese than in White Americans (Zhang et al. 2008; Komoto et al. 2006) . Accordingly, the clinical use of drugs that are P-gp substrates in African populations may be modified (Chelule et al. 2003; Lewis et al. 2007; Schaeffeler et al. 2001) . The distribution of G2677T/A and C1236T SNPs also shows variation among populations with high frequency of the mutant alleles among Africans and Asians (Cascorbi 2011; Gaikovitch et al. 2003; Milojkovic et al. 2011) . We have recently reported that the MDR1 variants distribution among Jordanians is similar to that of Caucasians (Khabour et al. 2012 ).
Variable results have been reported on the contribution of the MDR1 G2677T and C3435T in the lipid lowering effect of atorvastatin. Kajinami et al. 2004 reported a positive contribution for the TT genotype of the C3435T, but not the G2677T/A polymorphism, to the lipid lowering effect of atorvastatin among females from the USA (Kajinami et al. 2004 ). In a sample of Brazilians of European descent (Munshi 2012) , and a sample from USA (Mega et al. 2009 ), no such associations were detected for these polymorphisms. In this study, The TT genotype of the C3435T, and TT genotype at MDR1 G2677T polymorphism were associated with lower levels of LDL after atorvastatin treatment among Jordanians, similar to results of Kajinami et al. (2004) . The variation in SNPs effect on response to atrovastatin is possibly due to different genetic backgrounds. It can also be affected at least in part by various durations, dosing levels of atorvastatin, or variation in patients' characteristics among the studied samples. The findings of the present study highlight the importance of these variants in Jordanians and provide additional evidence for the clinical significance of C3435T SNP in mediating response to P-gp substrates drugs.
To further understand the effects of these SNPs, a haplotype analysis was performed. We found that the CTT and TGC haplotypes (C1236T, G2677T, and C3435T) were significantly associated with high level of HDL at baseline and after treatment. The CTT and CGT haplotypes were associated with higher levels of TG at baseline and CTC haplotype was associated with high LDL after treatment with atorvastatin. Thus the rare haplotypes may affect lipid profile at the basal level. Alternatively, the observed haplotype associations may result from false positives in our study reflecting statistic power. Therefore, more studies are required to confirm the findings of the haplotype associations.
Previous studies have shown that the C1236T polymorphism affects disease progression (Bellusci et al. 2010 ) and blood levels of a number of drugs other than statin (Goreva et al. 2004; Anglicheau et al. 2004; Kim et al. 2001 ). Yet, others found that this polymorphism was not correlated with risk and clinical prognosis of other diseases such as chronic lymphocytic leukemia among Chinese population (Dong et al. 2011) . Results of the current study showed no association between this polymorphism and the levels of lipids and lipoproteins during treatment with atorvastatin. Thus, this variant might not be related to statin effect in the Jordanian population.
This study has some limitations. At one end, a limited number of patients on atorvastatin was followed up for 3 months. Although this period seems enough, longer duration of follow-up might be warranted. Moreover, carrying out a large randomized clinical study is needed to optimally define the effect of the studied polymorphisms on antihyperlipidemic response of atorvastatin. In this study, the effect of the three common MDR1 polymorphisms on atorvastatin treatment response was studied. Previous studies have shown that the response to atorvastatin is affected by other genes. A genome-wide association study shows associations of LDL-c response to atorvastatin with polymorphisms in LPA and APOE genes (Deshmukh et al. 2012) . The CYP7A1 and CYP3A4 gene polymorphisms in Chinese Hans and Chileans (Rosales et al. 2012; Jiang et al. 2012) , and the CYP3AP1*3 allele in Chinese women were also correlated to response to atorvastatin. Thus, other loci could relate to the effects seen in this study. Further studies are recommended to evaluate the effect of other potential polymorphisms in several genes.
In conclusion, this study showed an association between the lipid lowering effect of atorvastatin and the MDR1 gene G2677T/A, and C3435T, but not C1236T polymorphisms.
